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F. CUNNINGHAM WOODS, Esg., M.A., Mus.B. OXON., 

THE PHILOSOPHY OF O U R  TEMPERED SYSTEM.  

IN  this paper I do not enter into the details of temperament. 
I deal with it as a whole--as the science to which belongs 
that modification of the tonality of intervals, which enters 
into our system-my object being to point out the principle 
of its relation to music. 

I have been led to attempt to  do this by observing that 
there is some uncertainty of thought on this subject, both on 
the part of mathematicians and musicians. That such un- 
certainty exists the following quotations attest. 

Colin Brown, whose system we shall examine, makes this 
remark : Music has greatly to complain of mathematicians 
for carrying their formulae beyond their legitimate sphere 
into the domain of music ; and mathematicians, on the other 
hand, have to complain of musicians for demanding a number 
of secondary keys which are not mathematically or musically 
in true key relationship." You will observe that Colin Brown 
here admits that mathematicians are not clear as  to the 
precise limits of their own science, yet he distinct1 implies 
that it belongs to mathematics to dominate the congrmation 
of the musical system. 

This claim is also distinctly asserted by Colonel Perronet 
Thomson in the following remark : "The temptation under 
the old systematic teaching to play out of tune was, that 
performers might play with perfect freedom in all keys, by 
playing in none ; . . ." 

On the other hand, our most lamented recent President, 
the late Sir John Stainer, makes the following observation :- 
a' When musical mathematicians shall have agreed among 
themselves on the exact number of the divisions necessary in 
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46 The Philosophy of our Tempertd System.

the octave; when mechanicians shall have constructed
instruments on which the new scale can be played; when
mathematical musicians shall have framed a new notation
which shall point out to the performer the ratio of the note
that he is to sound to the generator ; when genius shall have
used all this new material to the glory of art, then it will be
time enough to found a new theory of harmony on a
mathematical basis."

You will notice that even in the last quotation the pre-
cedence of the mathematician is assumed. But this assump-
tion seems made in order to show the difficulties that hang
upon it rather than as the expression of a deliberate opinion
on the subject.

In pursuing then the object announced, I hope to do away
with some of this uncertainty.

As the main argument in this paper was suggested by the
thought of a general principle relating to art, I think it will
help to impress and render that argument clear if I first
explain this principle.

In both nature and art there are two kinds of truth: the
truth of human impression, and absolute truth. Take nature.
To the eye, at the line of the horizon, sky and earth meet.
But if, having fixed upon a definite point on that line, we
were to go to that point we should find sky and earth as
far separate there as at the place we started from. Thus the
eye on the one hand and investigation on the other, dealing
with the same fact, come to two different conclusions, the one
belonging to the truth of human impression, the other to
absolute truth.

Now all esthetic truth is truth of human impression, though,
of course, the latter is not always esthetic truth. With
regard to the foregoing illustration, notwithstanding the
impression produced is the necessary result of the laws of
light operating in connection with the human eye, it is not
the less esthetic truth. That is to say, there is esthetic
manifestation in our ordinary visual scope. Through the
limitation of our sight, the continuity of nature is to it
arrested—the prospect is rounded and domed in, and we have
the perspective of earth and sky. But there is more than
this general transfiguration. Through being thus enclosed,
the various visible features acquire a more pronounced
individuality as well as a special inter-relation, and all fall
into a certain unity of form, character, and expression. If
the extent of our sight were unrestricted, or considerably
less restricted than it is, then in our visual scope both that
local character and that general unity to which we are
accustomed would be lost. On the one hand, in the limitless
vista of similar effects individuality would disappear; on
the other, the embracing of far-removed, crudely-contrasted
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The Philosophy of our Tempered System. 47

differences would destroy that unity of expression which
present natural scenes so vividly imbue. Such effects as
tone of season and clime we should never enjoy.

Thus, although we are accustomed to associate esthetic
manifestation with human volition, as in art, it may unfold
spontaneously between outward nature and our physical
endowment; being truth of human impression, it is impres-
sion, not special action on our part, that is fundamental to it.

I shall now endeavour to show that not only does esthetic
effect involve under all circumstances some kind of arrest in
the continuity of absolute truth, but that this arrest always
brings about a certain changed expression in the delimited
area. To draw another illustration from nature: When,
looking at some scene in the most ordinary way, we limit our
survey, taking in only a portion of what is spread around—
when, in fact, we select a particular view, we do so in order
that certain features shall stand out more strongly than
otherwise they would do, or certain relations strike the
attention which otherwise would be unobserved.

Coming to art, we break the continuity of absolute truth
still more definitely, and with the conscious purpose of
influencing impression. In these circumstances esthetic effect
stands out more prominently from general truth, as in the
following illustration.

One summer evening, I observed an artist with his easel
planted near the top of a barren slope, but commanding only
the bare, hillocky ground of the slope, so that there was
nothing but the ground to paint. Yet in the picture this
rising, uneven ground had an effect that it had not when
looked at unseparated from its natural continuity. The small
protuberances and every unevenness had acquired on the one
hand a more marked individuality, on the other, a special
relationship; whilst the sky had a far more powerful effect
than the sky of the natural scene—impressing something
of the largeness of the sky of mountain top—and all involved
a certain symmetry, and a unity. The artist had added
nothing to what he saw, yet he presented more than nature
unpartitioned conveyed. He simply delimited, yet in doing
so, created.

In ordinary vision, then, in natural observation, and in the
artist's picture, the general condition of esthetic effect is a
limiting of the continuity of nature; and, as a result of this
delimitation, there is a remarkable change in the impression
produced—the individuality of the various features seems
heightened; they fall into relationship; harmony, or contrast,
as the case may be, unfolds, whilst all breathes a certain
unity of spirit.

We now come to music. Here it is necessary to take note
of the distinction between music and all the other arts hut
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48 The Philosophy of our Ternfired System. 

architectur+namely, that, whereas in these the materials of 
effect exist spontaneously, in music they are produced by 
man. There is thus throughout the whole course of musical 
development a continual putting forth, and consequent 
increasing of effect. At the same time, there ie also a cor- 
responding delimitin whilst, as in organic nature, with 
advance dslimitationkcomes more pronounced. 

To illustrate this : In polyphony there was a broadening 
of general form by the enweaving of subjects; yet this 
involved the drawing together of scattered themes. Then in 
the chance encounters of moving parts specla1 harmonic 
effect unfolded; yet its very beauty led to selection and 
consequently reduction. Subsequently, modulation led to 
increased variety and extension of form. Here again was 
increase. But it involved greater expression in proportion 
to space, which means a more succinct effect. So in musical 
development this reciprocal action is seen : as effects multiply 
the become organised; and at each advance with greater 
didrentiation there is more ronounced delimitation. That 
this general tendency is re 4 ected in the progress of our 
musical system, a sln le glance will reveal. In its early 
development it involvef many modes, which, in the pro r u s  
of more highly-organised form, coalesced into two. $hen 
again came extension in the transposition of these into 
different keys ; and then, in the linking of the resulting 
scales, a closer yet more containing unity. 

To pass now to the scientific point of view : While musical 
art has been thus emer ing, the scientist has been taking it 
into his investigation. fn  the very dawn of musical history 
he discovered that musical sound is the result of regular 
pulsations, and that its pitch depends upon the number of 
these which occur in a certain time. He has thus been 
enabled to state the relations of the sounds of the scale in 
numerical terms, and has found that such relations exist 
in the arithmetical order of numbers if some are taken in and 
others left out. The diagram which Colin Brown gives in 
illustration of this is no doubt familiar to most of you. 

44 
86 39 43 

26 29 34 42 47 
25 28 31 33 37 41 46 

My object in referring to it now is to point out that it also 
illustrates the general. relation of natural and esthetic truth. 
There is seiect~on and delimitation ; certain natural relations 
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The Philosophy of our Tempered System. 49

are chosen, others rejected, and the total selected becomes
a new entity—picked out from nature, yet perfect in itself.

I believe both musicians and mathematicians agree that
the above selection of numbers expresses the true numerical
relations of the degrees of the musical scale. You, of course,
all know that stated simply those relations appear thus :—

Do Re Mi Fa So La Ti Do
8-9 9-10 15-16 8-9 9-10 8-9 15-16

So that, as well as involving the difference between tone and
semitone, they involve the difference between the large and
the small whole-tone.

How far musicians feel the latter difference I am not in a
position to say, but that, both in musical composition and in
the form of our system of scales, it is ignored is certain.
Hence the complaint of the scientist, who argues that if the
relations expressed in the above diagrams are those of the
typical major scale, then the scales of our system must be
largely untrue. That he is literally correct in this contention
a moment's consideration will show. If G A of the scale of C
do duty for the first and second of the scale of G, then we
have a small whole-tone doing duty for a large ; we have the
relation 9-10 doing duty for the relation 8-9.

In order to remedy this deviation in our system from true
intonation, several eminent mathematicians, or eminent
musical mathematicians, have been led to devise proposed
systems. One of these systems—that by Colin Brown, to
whom I have just referred—I propose to examine carefully, if
briefly. It is not only very ingenious, but is carried out with
such thoroughness—representing as it does a distinctly
serious attempt to supply an improved practical basis of
music—that I select it as one as likely as any to achieve the
object sought.

Probably most of you are acquainted with this system.
But even to those who are not, I shall be clearer if I touch
only upon certain salient points. To understand it in detail
demands deliberate study.

The scales proceed by fifths, as in our system, but every
fifth is true. Now, at the first departure—that is, in forming
the scale of G—two differences are involved between this
system and ours, and these differences are at the root of the
whole difference between the two systems. The first relates
to forming the second of the new scale. As you have just
been reminded, G and A, as fifth and sixth of the scale of C,
involve the relation 9-10, whilst, for first and second of the
scale of G we want, of course, the relation 8-9. In this
system, therefore, a new sound higher than the sixth of C

5 Vol 28
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5° The Philosophy of our Tempered System.

by the difference required—that is, in the relation 80-81,
called a comma—is introduced to form the second of G.

The other difference consists simply of the fact that in
forming the seventh of the new scale, the tone involved by the
fourth and fifth of the old is scientifically divided. Supposing
again the scale of G to be the new scale, then as F sharp
(being leading note) must bear to G the relation 15-16, the
relation of F natural to F sharp can only be 128-135, because
these two relations exhaust the relation 8-9. Colin Brown,
therefore, terms the relation 128-135 the chromatic semitone,
and this distinction in name denotes a distinction in use;
the chromatic semitone in this system never fulfils the
function of diatonic semitone!

I may here state once for all that in this system no interval
stands for another, however slight the difference, no note for
another, however close the sounds.

You no doubt perceive already that both these points of
difference in Colin Brown's system bear against that close
relation of the scales which is a characteristic of ours. The
fact, for instance, that the sounds F natural and F sharp can
never stand to one another as diatonic semitone, is suggestive
of how the change last mentioned does so, whilst the action
in this respect of the first is as obvious. However, to
formally demonstrate the separative action of these changes:
Through two new sounds instead of only one being introduced,
in order to form each new scale, the third scale will involve
six new sounds, and thus can have but one sound in common
with the first, whilst the fourth scale will have none.

The only other salient point of this system which I will
now refer to relates to the relative minor scale. From the
fact that the second of each new scale is a comma higher
than the sixth of the old, there results that the major scale at
the third remove stands upon a sound a comma higher than
the relative minor of the first scale—thus A major stands
upon a sound a comma higher than A minor, and thus,
further, its leading note cannot possibly be used as leading
note to A minor. Colin Brown therefore introduces in
connection with each major scale a special sound, available
as leading note to the sixth degree. I may just add that, as
the introduction of this leading note involves the dividing
of the small whole-tone, that is, of the relation 9-10 which,
as you know, comes between the fifth and sixth degrees
of the major scale, the complementary interval (say from
G natural to G sharp, assuming the leading note is that to
A minor) involves the relation 24-25, which Colin Brown
terms the imperfect chromatic semitone.

By this introduction of a leading note to the minor tonic,
a chord of the dominant seventh in perfect intonation is
available in each relative minor scale.
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The Philosophy of our Tempered System. 51

I have included the explanation of this part of the system
in my remarks, because the foregoing arrangement is largely
its saving clause, as we shall see later on.

I now propose to consider how this system serves as a
basis for extant musical effect.

It may be said at once that in the case of a piece confined
to one scale, each interval is represented in this system in a
simple and regular way. The same may be said of a piece
which only involves modulation into the relative minor, as
there is no difference between this system and ours as regards
the general relation between a scale and its relative minor.
But music that involves modulation into the dominant or
subdominant is not represented quite so simply—that is to
say, in finding the intervals answering to a particular piece
thus modulating, we should have occasionally to choose
between sounds a comma apart, guided by the principle of
tonic relationship in mathematical strictness. Still, much of
such music—that is, music passing only into nearly related
keys—finds in completeness foot-hold in this system, which,
let it not be forgotten, gives every interval in intonation
mathematically true.

In this connection I may point out that what may perhaps
be termed the " fatal facility" of modulation into the sub-
dominant, goes in this system a step further. For instance,
starting from the scale of C, if we pass to the chord of the
dominant seventh in the key of G, we have not only the
F sharp not in C, but also the A, which has been raised a
comma ; whereas, if we pass to the dominant seventh in
F, we have in this chord only the usual B-flat not in C.
Of course, this difference springs out of the simple fact that
in the remove of scale a fifth up it is the second which is
the new sound special to Colin Brown's system, whereas
in the remove of scale a fifth down it is the sixth; and
whilst the second enters into the dominant seventh of its
scale, the sixth does not.

It is extended compositions embracing removed keys that
try the resources of this system. In order to represent them
it has to be developed to a very elaborate extent. Take, for
instance, the scene from " Der Freishutz," in which the air,
" Softly Sighs," occurs. This scene begins and ends in the
key of E major, the tonic of which, in Colin Brown's system,
as you know, comes a comma higher then E of the scale of C.
You will remember that an important portion of the scene—
about the middle—is in C. The key has thus descended a
major third. This portion, therefore, would not, in Colin
Brown's system, come in that part which represents the
regular scale of C, which is a major third and a comma below
E major, but would demand the introduction of a so-to-speak
duplicate scale of C. I should mention that Colin Brown,
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52 The Philosophy of our Tempered System.

in his description of his system, refers to a possible extension
of it which would probably meet such an exigency as this.
But supposing it met in this way, you would have an
elaborateness capable of representing two similar keys a
comma apart.

There is, however, a way in which we could bring the
foregoing sections of this scene into proper relation, without
introducing a second scale of C. We could begin with the
major chord formed on the tonic of E minor, and cull from
the system the notes belonging to the major scale on this
tonic as we required them. The second of the minor scale
would be available for the major; for the third, the leading
note to A minor would be available. The fourth and fifth of
E minor and E major of course coincide. For the sixth and
seventh, the sounds introduced to form respectively leading
notes to D minor and E minor would be available. Thus we
could get in true intonation the notes of the scale of E major
formed on the tonic of E minor ; and, in the same way, we
could get also the notes of the scale of the dominant of E.
Thus, we could probably find all the notes of those portions
of the scene which are in E, at the required pitch. But to
do so we should, as you have seen, have to select them step
by step from various scales. The fact that the regular
resources of this system do not supply foothold for the
scene referred to may be put more succinctly thus: You
probably know that Colin Brown has devised a harmonium
from which the sounds of his system can be produced.
If, then, on such a harmonium, extended sufficiently, we
played those sections of the scene in question which are in
E major, using that part of the key-board allotted to this
scale, we could not take the other sections on that part of
the key-board allotted to the scale of C—it would be a comma
too low; and, vice versa, if we took the latter sections on
the part allotted to C, we could not take the former on
that allotted to E—it would be a comma too high.

It is evident, then, that compositions of which organically
connected portions are in keys separated by four removes, to
be based on true intonation, demand an extremely elaborate
system of sounds in order to provide auxiliary scales. There
is, then, no question whatever of the preat elaborateness, both
in theory and form, which this system would involve if
developed sufficiently to embrace extended compositions.
Still, this is only a practical question ; if such a system is the
only true basis of musical art in perfect manifestation, we are
bound to believe in it and hope for it; but we must first be
convinced that it is sound in principle. To the principle of
the subject, then, 1 now come.

What the particular musical effect of true intonation used
under ordinary circumstances would be I am not in a position
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The Philosophy of our Tempered System. 53 

to say, but that in some circumstances it would involve a 
great esthetic gain, I think extremely probable. For instance, 
In the Kreutzer sonata the second chord of the pianoforte 
part-the chord of D minor- has a grave minor third, that is, 
a third embracing a small whole-tone and a semitone. The 
effect probably gains nothing by this short minor third, 
particularly as the natural place for such a minor third 
is on the second, not the first, of the scale, whilst the 
pointed contrast of the foregoing minor chord with the 
second chord of the previous phrase (played by the violin) 
is evidently a touch of the master hand. It  would seem, 
therefore, that a full minor third in the second chord of 
the pianoforte part would be more effective. Now, in true - intonation the minor third coming here would be a full one. 
The preceding chord would be based on A a comma hi her, 
which would, of course, necessitate the F natural o f the 
chord in question being also a comma higher, and thus the 
third would become a full minor third. I do not pretend to 
hear what the effect of this change would be, but, as I have 
said, that it would be an improvement the esthetic intention 
of the passage seems to suggest. 

The question is, then, not whether true intonation does 
not in certain circumstances involve an esthetic gain, 
but whether departure from it does not also sometimes 
do so. 

You will have gathered that it is upon strict observance in 
ever scale of the difference between the large and the small 
whot-tone, and between the chromatic and the diatonic 
semitone, that Colin Brown's system is built ; so what we 
have to decide is, whether the relations involved in such a 
system are really those out of which the vital lineaments of 
musical effect are conformed. 

Two examples of inspired effect, which I will now refer to, 
are, I think, suggestive in this connection. 

You know that towards the end of the chorus, "The 
Heavens are Telling," there is a passage of which the soprano 
part consists through many bars of the repetition of the note 
E, whilst the harmony involves several changes; in this 
passage the following progression occurs :- 
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54 The Philosophy of our Tempered System.

You observe that the root of the first chord in the above
example is of the same absolute pitch as the sixth degree of
the scale of C, and that the C sharp figures as leading note to D
of the same pitch as the second of C. Now, in true intonation
there is no chord which combines these two relations—
which, based on a sound answering to the sixth of a scale,
contains the leading note to a sound answering to the second
of that scale. In Colin Brown's system, the root of the
dominant seventh in the key of D major falls upon A, a
comma higher than the sixth of the scale of C, whilst the
third of the dominant seventh based upon the sixth of C
is leading note to D, the sixth of F, which is a comma
lower than the second of C. Of course, the use of the
first of these two chords for this part of Haydn's passage
is quite precluded by the fact that it contains E, a
comma higher than the third of C. But the use of the
second is not quite so obviously shut out. It would
involve the E passing to the D lowered a comma, and
consequently through a large tone, and so far as this is the
place for the large tone in the passing modulation, we should
have melody as well as harmony in true intonation. But in the
next chord the D is repeated, and at the same time forms the
fifth of the dominant seventh on G. It is obvious, therefore,
that if we took the D lowered a comma we should, in order to
finish the passage in true intonation, require an accessory
scale of C, a comma lower.

For the melody and harmony of these four bars to be then
in true intonation, among other modifications of the intona-
tion, the melody would have to descend through a major
third and a comma; and the question is: Is the compression
of effect involved in its descending only through a major
third a source of esthetic power ?

You will notice that the chord which begins this example
involves in the alto and bass parts the inversion of a major
third consisting of two large whole-tones, these being the
intervals A-B, B-C sharp. This, as I have remarked,
involves a distinct breach of the law in true intonation,
that no two precisely similar intervals should succeed one
another in melody or harmony, but it enables the com-
poser to take in the leading note to the second of C, and
thus treat the two sounds answering to the second and third
of that scale as the first and second of D minor. Thus a
feeling of this key at this point is caused to, as it were, float
upon our sense of the key of C in a way which could not
otherwise be brought about.

Here is the second example:—You know the passage in the
chorus " Thanks be to God " in " Elijah," where, after the
words " mighty their fury," the harmony works from C into
D flat, forming a passing cadence in that key, thence into
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The Philosophy of our Tempered System. 55

D natural, and thence into E flat, forming similar cadences
in these two keys. Now each of these cadences is an
important if a secondary climax, and there is no doubt that
in the case of each we realise the regular resolution of the
chord of the dominant seventh, so that we take to occur where
the leading notes and their resolutions proceed three ascending
progressions of a diatonic semitone. But in this passage, as
expressed in our system, the key moves up through a minor
third, which, in true intonation, cannot be more than two
diatonic semitones and one chromatic semitone. Here, then,
the effect is conveyed of a rise through three diatonic semitones,
by changes involving actually a less compass, by the difference
between a diatonic and a chromatic semitone, and we ask, is
the compression in this instance a source of esthetic
power ? That it is in itself such a source may not seem so
clear as in the Haydn example; but that it is an important
condition of the esthetic effect of the chorus as a whole
seems extremely probable. Assuming the necessity of that
unity of pitch which exists between the preceding and
succeeding portions of the chorus, without the compression
in question, this grand central episode could not be got in.

In these examples, then, we have two episodes of marked
esthetic power in which not only the small whole-tone and the
chromatic semitone do duty respectively for the larger kind
of intervals, but in which this very substitution seems largely
the source of that power.

You will, of course, not fail to notice that the particular
differences which in the foregoing examples our system
disregards, are those the strict observance of which the
system we have been examining is specially devised to
insure.

The conclusions calculated to be drawn from these examples
may then be thus specifically stated :—

First.—That an interval may undergo in the mind a certain
modification as regards its intonation. Thus the intervals of
any system are subject to some elasticity in their application.

Secondly.—That with regard to different kinds of the same
interval, as in the case of the large and small whole tone
or the chromatic and diatonic semitone, it is not always
necessary that each should occupy its particular place in the
scale; but sometimes the putting one in the place of the other
involves considerable esthetic gain.

Glancing again at our present system, what in the light of
the foregoing considerations do we see ? We see a system of
which not only the foundation, but also the complete edifice
is a deduction from musical effect—a system that at each
point of its development has been conformed in obedience to
the exigencies of that effect. In its beginning—before the
scales began to overlap—it may have reflected the principle
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56 The Philosophy of our Tempered System.

of true intonation in greater purity than it does now, but the
persistence of esthetic feeling led to an order of effect
which, retaining organic unity though based on different and
sometimes far removed keys, demands free interchange of
function between all tones and all semitones. Thus, that
mutation of slightly different intervals which in the examples
recently referred to operates as a creative and formative
principle, is reflected in our system in practical form. From
the point of view of the correct placing of intervals in the
scale, our system therefore involves a departure from that
perfect regularity in this respect which is included in the
meaning of the expression " true intonation," but as such a
departure gives rise to a new and special beauty, must it not
be regarded as an instance of law being overruled by
higher law ?

Its effect upon the conformation of the system as a whole
seems to harmonise with this view. By the resulting close
enweavement of our scales the system is, as we have seen,
definitely rounded in—separated from the general world of
effect from which its elements are drawn, that is to say,
from the infinite possibilities of musical sound outside
itself; it thus betrays that delimitation which at the
beginning of this paper I referred to as a fundamental
condition of all esthetic effect. In this connection a
general comparison of the two systems is suggestive. In
Colin Brown's, there is alternate connection and separation
within, and continuity outwardly—the system rises by comma
and chromatic semitone in endless progression ; in ours, there
is close and unbroken connection within, and outwardly
definite and complete delimitation. Thus each reflects the
general character of the truth on which it is based—this,
in the one case, being absolute and continuous, in the other,
impressional and delimited.

In the light of these remarks, the relation of the musician
and the mathematician is clear. As system is born of effect,
the musician leads in its conformation—he is, in this con-
nection, the pioneer who discovers new territory, whilst the
mathematician is the surveyor who follows and measures it.

In this attempt to show that our tempered system is in
principle the result of the same selective and structural
action as the scale itself, only involving a further stage and
new departure, I do not wish to imply that it is perfect—I do
not presume to suggest that truth in the interval itself may
not be more nearly approached, or that a juster placing of the
different kinds of intervals according to true intonation may
not be attained ; but I submit that the numerical relations
underlying a living musical system cannot, through the very
nature of such a system, involve any form of scientific regu-
larity. Of this you have before you definite evidence in the
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The Philosophy of our Tcmpcrcd Syskm. 57 

numerical relations of the typical scale, whilst in the con- 
nected use of different scales you have seen that such 
method a.. is involved in the above primary extraction from 
absolute truth, is itself subject to modification by further 
action of the esthetic principle. 

To conclude-from the point of view of this paper, tem- 
perament, regarded as a general element in our system, is not 
necessarily a deteriorating process leading to imperfection, 
but in principle it is a constructive process leading to higher 
form. 

APPENDIX. 

The following diagrams may be found serviceable to non- 
mathematical readers. I, who am no mathematician, 
devised them to aid myself in realising the relations involved. 
Whilst the figures express the ratios, the diagrams show the 
general relations which these ratios bear to one another.. 

32768 - 3!BOS (Schisma.) 

g# (as leading note, involving 
with <3 an imperfect 
chromatic semitone). 

In the diagrams the differences between the ratios are exaggerated for 
the sake of c l u r n w .  
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58 The Philosophy of our Tempered System.

In diagram i the central straight line represents a large
whole tone- say F-G. The portions of this line enclosed by
the two under curves represent the proportions of the interval
involved respectively by two chromatic semitones, one
ascending from F, the other descending from G. The portion
enclosed by the upper curve represents the proportion of the
interval involved by the diatonic semitone.

By simple observation of this diagram it is evident to the
eye, and thus clear to the mind—

(i) That 128—135 and 15—16 equal 8—9.
(2) That the difference between the chromatic and the

diatonic semitone equals twice the ratio 128—135 deducted
from 8—9.

(3) That the above difference also equals the ratio 128—135
deducted from 15—16, each of these two operations giving the
ratio 2025—2048, which may also be expressed i5^j|—16.

In diagram 2 the straight line represents a small whole tone—
say G—A. The portions enclosed by the two curved lines
represent the proportions involved by two chromatic semitones,
one ascending from G, the other descending from A.

This diagram conveys through the eye the rationale of the
fact that in the case of a small whole tone, the difference
between the sharp of the lower note and the flat of the upper,
is equal to 9—10 deducted from twice 128—135, which gives
32768—32805. This, the smallest difference in the musical
system, is called the schisma.

In the observation of these two diagrams the rationale of
other relations is easily perceivable. Thus, diagram 1 shows
to the eye that 8—9 is greater than twice 128—135 by 2025—
2048 ; diagram 2 that 9—10 is less than twice 128—135 by a
schisma. The schisma and 2025—2048 must then together
constitute the difference between t.he large and the small
whole tone, and thus must equal 80—81.

By a comparison of diagram 3 with diagram 1 the eye may
read that the difference between the small whole tone and the
large equals that between 24—25 and 128—135.

DISCUSSION.

The lecturer having been delayed, Mr. Walter Harrison,
M.A., Cantab., Mus. Bac, Oxon., was requested to speak
on the subject:

Mr. HARRISON.—Ladies and Gentlemen, This is a subject
which has interested me from boyhood. I first studied
acoustics in connection with the Science and Art
Department, and continued the subject right on to my
University Course at Cambridge. So that rather than keep
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The Philosophy of our Tempered System. 59

you sitting there waiting, if I can take up a few minutes and
say anything that will interest you, I shall be pleased to do
so. I notice on the syllabus the name of a very well-known
man, Mr. Colin Brown. I had the honour of knowing him
some twenty-five years ago. He was, in fact, one of my
teachers. I also had the privilege of hearing that wonderful
instrument of his, the Voice Harmonium, on which his
daughter played to a number of musicians at Plaistow, I
think in 1876. We had not only this Voice Harmonium,
which I believe is now in the South Kensington Museum, but
also a similar instrument, but tuned in equal temperament;
and to contrast the two, we first got Mr. Colin Brown's
daughter to play her pieces on her father's harmonium, and
then had the same pieces played by Mr. Arnold Kennedy, I
believe, on the ordinary tempered instrument. What we
especially noticed was the smoothness and beauty of the
chords in the minor key ; the roughness that we often notice
especially on the harmonium was absent. Of course the over-
tones are heard very much more distinctly on the harmonium
than on the pianoforte. A little while ago I was in Wales
examining a number of schools. I went over six of the leading
Board Schools—at least they would be called so in England
—and I was struck with the way those children, many of them
miners' sons and daughters, sang in beautiful harmony, in true
intonation. They are taught on Tonic Sol-fa principles. I
do not wish to say anything now in favour of that system;
but you see how, taking the tonic as the basis and singing
d r n. &c., they get the true intonation from one note to
another. You see clearly in the diagram before you there is a
difference between the interval from the first to the second
degree, and that from the fifth to the sixth. While both of
these intervals are represented alike in our notation, they are
not so in reality. Now these children make that difference
absolutely; their ears are never spoiled by tempered
instruments; their voices are trained naturally, and they come
together and sing in harmony. The effect was delightful.
Another fact noticeable is that they pronounce the vowels
much better than the London children ; this, of course, tends
to enhance the effect.

THE CHAIRMAN.—We have to thank Mr. Goddard for a
very learned paper, in which he has endeavoured to point out
many of the difficulties to be noted in the scale, which we,
as practical musicians, have to deal with. It would appear
that Mr. Goddard has not advocated, in so many words, the
adoption of the scale which he has just shown us to be the
correct one. His contention would rather appear to be that
the difficulties of making an actual use of the system before
us would be very great, if not actually insurmountable. With
our modern ideas of harmony, and our frequent changes of
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60 The Philosophy of our Tempered System.

key, one is almost driven to feel that our present keyboard
instruments would have to be entirely reconstructed. This
thought leads me to allude to the keyboard advocated some
years ago by Mr. Bosanquet, of St. John's College, Oxford.
Here, if my memory serves me correctly, there were about
seventy divisions for the octave. The appearance of the
keys, and their general arrangement were most perplexing to
the eye, and at once gave one the idea that such a keyboard,
though scientifically conforming to certain rules, could not
possibly come into actual use. Everyone has to admit that
inaccuracies do exist in our scale, but the question which
we feel inclined to ask is, how would the mathematical
accuracy of this system be of practical value to the musician ?
Is the scale system as we know it, and accept it to-day, so
deeply rooted in our musical nature that, if any new process of
tuning were introduced, our feelings of tonality—which are
to some extent inborn—would be upset, if not actually
obliterated ? Further than that, we must bear in mind that
this system, if introduced, must bring in its train an
entirely new style of representing music on paper. If we
leave the diatonic style and turn to that of the chromatic
the difficulties appear to be much greater. Is it not
often the case that the key-signature of many pieces by
modern composers is but a faint suggestion of the composer's
actual desire for firmly establishing a definite tonality for the
music he gives us ? In proof of this we may turn to
Dvorak's " Slavonic Dances " and Wagner's " Liebestod,"
and see that instead of finding the major or minor scale
of ordinary acceptation we are confronted by a scale
system which is little short of chromatic. Mr. Goddard
has shown us most fully how the discrepancies in our scale
arise, and where they exist, but the question is how far our
fixed ideas of a keyboard would be altered if a change were
made. In other words, how could we observe these alterations
of scale in vocal and instrumental music ? Vocally we might
possibly make the minute sub-divisions of the various
intervals. Instrumentally, however, it would seem that the
keyboard instruments would assume an appearance which
the player would view with something akin to horror.

Mr. HARRISON.—There would be no difficulty in playing
any modulation on Colin Brown's instrument, but the
real point of the whole matter is this, are we prepared to
have an instrument with seventy-two notes to the octave ? I
do not think we are. Colin Brown's instrument has now
been lying at the South Kensington Museum for twenty-
five years. It is covered with dust. But we need no special
instrument giving just intonation, the human voice can
produce it quite easily. Where children are not taught at
the pianoforte, but, say, with a violin, they learn the scale of
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The Philosophy of our Tempered System. 61

nature, and, without being aware of it, they can make all these
commas for themselves. Our only difficulty is to make a
machine produce what the human voice can produce with the
greatest ease. Take a Board School child taught on the
tonic principle. He does not know the ratios; yet he pro-
duces them intuitively, and sings all scales in the same way.
But even with regard to harmony, there is no reason
why a choir singing unaccompanied pieces should not sing in
perfect intonation and let us enjoy the beauty of the chords.
Some of our friends here may not be perhaps too well versed
in acoustics, and the lecturer has been at a great disadvan-
tage ; he has had to show many things which it would have
taken several hours to thoroughly explain in detail. So that
the conclusion seems to me to be that, while we should
always go in for just intonation where we can, still, for fixed-
toned instruments, such as the pianoforte and organ, we cannot
help ourselves, and the tempered scale is the very best thing
we can have. In fact, we cannot do otherwise, except with
seventy-two notes to the octave. Most of our pupils find
twelve quite as much as they can manage. Before I sit
down I should like to say two or three things that, perhaps,
would be interesting to you. Colin Brown, as I have already
remarked, was one of my teachers, and I once heard him say
that when he was constructing his instrument he had many a
tussle with the tuner, who was accustomed to make the
ordinary instruments. He said: " If I go on filing these
reeds in the manner you suggest I shall file them all away."
The mere knowledge of acoustics alone will not help us much.
I remember an acoustician being asked how he would set
about harmonising a melody, and he replied : " I should
write octaves and fifths—octaves, of course, by preference."
I may say, before sitting down, that I was very interested with
the lecture. One has not the time to explain everything;
therefore the lecturer has been labouring under a great dis-
advantage, I am sure. But we shall certainly read his paper
through many times when we get it in the " Proceedings."

Mr. LANGLEY.—The question arises whether just intonation
is really a desirable thing, especially considering the subject
of modulation. With regard to singing, Mr. Harrison pointed
out just now that the Welsh children sing correctly in natural
intonation ; but I hardly think that the cultivation of that
would be desirable even in singing ; for, supposing in a
modulation a note in common to two consecutive chords, one
belonging to the old key, and the other to the new, where
would the change in intonation of this common note be made ?
I think that we cannot get away from the tempered system
so long as there is any such thing as modulation, or we should
be landed in all sorts of difficulties. But another question
arises out of this, "Do we not correct the falseness of the
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62 The Philosophy 0/our Tempered System.

tempered intonation by the ear adjusting it in the process of
receiving the sound ?" I firmly believe we do. By way
of illustration let me take the frequent case of the chord of
the augmented sixth being enharmonically changed into a
dominant seventh. When we approach the augmented sixth
as such and then leave it as a dominant seventh, we receive
a certain amount of shock owing to the notes having been
received in relation to one tonic, and' left unexpectedly in
relation to another. Yet when we return to the chord again
in the new key it comes naturally enough. If this is the
case I think it leads us to the conclusion that the ear does,
in receiving the notes of the tempered scale, adjust them to
true intonation in the key for the time being, otherwise we
should not perceive that difference of effect to which I have
referred, seeing that the notes in the tempered intonation of
the pianoforte as conveyed to the ear belong as much to the
new key as to the old. My contention then is that on
practical grounds just intonation is not desirable, because in
modulation it would only increase and accentuate the
falseness we wish to hide ; while, at the same time, the
slight deviation from truth of the tempered scale is
corrected (as I believe) by the ear.

Mr. SOUTHGATE.—The time has flown so quickly over this
interesting paper that I do not think we ought to spend much
more time in talking. But our ladder of sounds with this
question as to the size of intervals is a very important one.
The difficulty of forming a proper and true scale was
thoroughly perceived by the Greeks, and their theorists wrote
much about it. Even beyond the classical period, to go back
to very ancient history, I think there are signs that the
difficulty was recognised. Amongst the finds we have made
in the ancient Egyptian tombs there was a very remarkable
flute from the Pyramids of Akmin. The flute was not less than
5,000 years old. When M. Maspero put this in my hands he
said: " How are you going to play it, for there is one
hole more than the number of fingers we possess." I believe
that this instrument presents an example of enharmonic
necessity. The vent-holes were so contrived that the first
finger of the right hand covered two holes, one was closed
by the lower and the other by the upper member of the
finger; the interval between the two is less than a semi-
tone. I have a copy of this curious old reed flute in my
collection, and may say that upon it Mr. J. Finn was able to
obtain a complete chromatic scale ; it is difficult to play. I
only mention this to show you that thousands of years ago this
same question of division of the scale arose ; after all we are
practical musicians, and we must look at this matter in a prac-
tical way. I quite agree with what Mr. Harrison said about
the extreme beauty of vocal harmony, sung unaccompanied
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The Philosophy of our Tempered System. 63

by instruments. One sometimes hears trained singers on a
platform, and I always think the chords they sing are exquisite.
We never hear such chords, except on strings and trombones.
Some of you may probably have heard Beethoven's
" Equali" for trombones. Sir Frederick Bridge has
introduced this combination in the Abbey, and I think it
has been heard elsewhere. I have never heard these
beautiful true chords surpassed. But when you come to
instruments with fixed keys it is evident that it is im-
possible for most of us to manage more than twelve notes
to the octave. With stringed instruments of course the
players can make just what intervals they like. On wind
instruments also the players can do something by "lipping."
But the popular instrument of to-day is the pianoforte.
Providence has perhaps been remiss in giving us only
ten fingers with which to play it, but certainly with them
it is impossible to do much more than is presented on
our keyboards of to-day. One instrument has been made
which, perhaps, none of you but myself has heard; it was
planned by Col. Perronet Thompson, a notable mathematician
and enthusiastic musician, who wrote a remarkable book
showing that there should be seventy-two available sounds
to the octave, but he was satisfied with forty for practical
use. An organ so constructed was erected in the Welsh
Chapel, Aldersgate Street, and was played by a Miss Stafford
Northcote, a blind girl. I have a distinct remembrance of
hearing her play Mendelssohn's " Wedding March," and I
thought that I had never heard such exquisite chords—you
know the opening bar, these were once called extreme chords,
and they sounded singularly rich and perfect. On the
ingenious keyboard, besides the ordinary black and white
keys, there were various devices of hooks, points, quadrils,
buttons, sticking up for the fresh intervals introduced, and
this gifted girl managed to play on it. I very much doubt
whether anyone else would be able to do the same. However,
this elaborate contrivance shows that attempt at truer intona-
tion has been made, and to a certain extent has succeeded.
There is another instance which perhaps some of you have
heard. In the old organ at the Temple Church the keys
were divided for F sharp and G flat, and similarly for D sharp
and £ flat. There were separate pallets and pipes for these
differing enharmonic intervals, but Dr. Hopkins, I believe,
about forty years ago, had them done away with. Since that
time equal temperament has come into vogue, and possibly
we do not find a necessity for these double notes now. If, as
Mr. Harrison argues, voices are to sing in perfect intonation,
what is going to happen when those voices are accompanied
by an orchestra which is possibly playing in unison with
them, because certainly not all the instruments would be
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64 The Philosophy of our Tempered System.

playing exactly the same intervals sung ? Let us look at the
violin and pianoforte; it is quite true the violin can be perfect
in intonation, the pianoforte is not. The violinist takes his A
from the pianoforte; he tunes his E a perfect fifth above, and
consequently sharper than that on the pianoforte. But when
Joachim plays, say, the " Kreutzer Sonata," I do not mind it
much that his intervals are not precisely those of the piano-
forte. In Mendelssohn's "Thanks be to God I " in one part
the voice-parts are written in sharps, and the instruments in
flats, yet they go together all right. It is a most interesting
question, when one remembers the manifold uses to which
this enharmonic equiva ence has been put. In ancient times,
when the lyre and such instruments merely had to double the
voice-parts in unison and octave, the ideal system of mathe-
matical peifection was possible; but now that a harmonic
has displaced a simple melodic system, it is, and must be, a
matter of compromise between mathematics and practical
music.

Mr. LANGLEY.—There is a similar case in Wagner's
" Kaiser-marsch "; some of the parts are written in G flat,
and some in F sharp.

Mr. HARRISON.—Helmholtz once got Joachim to play an
air on his violin, and found he preserved the exact ratios;
that shows that Joachim could play the scale of nature.

Mr. THELWALL.—The just fifth is only about one-fiftieth of
a semitone sharper than the tempered fifth; if I remember
right, Ellis has a misprint on this point, and represents the
difference as considerably greater than it really is. With
regard to key-board instruments constructed to represent
just intonation, we must remember that it is not the keys
only, but also the strings or pipes that would have to be
multiplied. If you were to multiply the organ in this room
to the extent necessary you would have to consider the space
that would be required, and also the enormous cost. You
will find in Helmholtz that certain musicians in France had
this question before them some years ago, including Auber,
Berlioz, Gounod, Halevy, Thomas, and others, and they
said definitely that D sharp is neither sharper nor flatter than
E flat; the two notes are identical, and if you should
attempt to destroy the tempered system, you would at the
same time destroy the finest inspirations of the great
masters, you would destroy music itself. If that is the
opinion of such great musicians, we need not trouble
ourselves very much as to the alleged defects of equal
temperament. -Spohr in his Violin School, says, " By just
intonation I mean that which is according to equal tempera-
ment ; for modern music no other exists." He says,
" If you raise D a semitone, or lower E a semitone, the two
notes will coincide."

D
ow

nl
oa

de
d 

by
 [

C
ar

ne
gi

e 
M

el
lo

n 
U

ni
ve

rs
ity

] 
at

 1
0:

14
 1

9 
O

ct
ob

er
 2

01
4 



The Philosophy of our Tempered System. 65

Mr. GODDARD.—I do not feel in a position to add anything
important to what has been said. It is obvious that in the
present development of the art a most elaborate musical
system would be needed for just intonation to be carried out,
but whether such a system would be practicable or not I
cannot say. I agree with the last speaker that you must
make a compromise. So long as music is very simple a
regular system of ratios is practicable, but when music
becomes more elaborate some departure from such a system
is absolutely necessary—departure, however, of such a
character that in it law is superseded by higher law. If,
therefore, true intonation has sometimes to be sacrificed, the
sacrifice, from the esthetic point of view, involves higher
gain. What I principally wished to do was to put in
evidence certain clear ideas on the subject — I wished
particularly to demonstrate that musical art does not rest
directly on mathematics. It rests directly on a classification
and digest of its own rudimentary effects—effects which, of
course, involve some system of numerical ratios. But starting
with a particular system, when you produce more elaborate
effects that system has to be departed from. Thus it is that
esthetic effects really lead you to depart from what, at a
particular point of musical development, would be considered
the correct scale. My contention is that in so departing you
are in principle not violating law, but obeying higher law.
Briefly, you cannot rest art on absolute truth. It rests upon
the truth of human impression; not on outer facts but
inward feelings. That is why you cannot have a stereotyped
system of mathematical relations as its exhaustive foundation.
You may begin with a certain defined system, but you have
to extend and modify it as art becomes more elaborate.

(A vote of thanks to Mr. Goddard was then passed
unanimously.)

6 Vol. 28

D
ow

nl
oa

de
d 

by
 [

C
ar

ne
gi

e 
M

el
lo

n 
U

ni
ve

rs
ity

] 
at

 1
0:

14
 1

9 
O

ct
ob

er
 2

01
4 


